Purpose: The objectives of this study were to investigate the prevalence and characteristics of tooth agenesis and the associated skeletal morphology and arch widths in a group of Turkish patients seeking orthodontic treatment. Material and Methods: We designed a retrospective study composed of pre-and post-treatment panoramic radiographs and lateral cephalometric films of 3,341 patients (2,040 females and 1,301 males). Tooth agenesis was evaluated for hypodontia and oligodontia -excluding the third molars-from the orthopantomograms. The significance test for the differences in the skeletal morphology between hypodontia and non-hypodontia patients was performed using the Pearson chi-square and Student t-test. Results: The prevalence of tooth agenesis was 4.6 percent for the Turkish orthodontic patient population. Tooth agenesis was found more frequently in females than in males, although this difference was not statistically significant (p>0.05). The most commonly missing teeth were the maxillary lateral incisors, followed by the mandibular second premolars and mandibular central incisors. Intercanine and intermolar widths in the maxillary and mandibular arches were significantly reduced in the hypodontia group compared with the control group (p<0.01). Tooth agenesis was statistically and significantly less in patients with skeletal Class II (p<0.01). There was no statistically significant difference in hypodontia patients in the vertical relationship of the jaws (p>0.05). Conclusions: The prevalence of tooth agenesis was found to be 4.6 percent for the Turkish orthodontic patient population (hypodontia 4.3% and oligodontia 0.3%), and was found more frequently in females. Intercanine and intermolar widths were significantly reduced in the hypodontia group for both jaws compared with the control group.
Introduction
Tooth agenesis is one of the most common anomalies in the development of the human dentition. The term hypodontia is used when one to five teeth, excluding the third molar, are absent. When six or more teeth, excluding the third molar, are absent, this condition is called oligodontia. Anodontia is an extreme case, denoting the complete absence of teeth (1) (2) (3) . The data for hypodontia, excluding the third molar, in both genders combined, varies from 0.3% in the Israeli population (4), 11.3% in the Irish population (5), 11.3% in Slovenian population (6), 6 .3% in Kenyan population (7) , and 11.2% in Korean population (8) . Silva Meza (9) reported a lower (2.7%) hypodontia prevalence for orthodontic patients. The effects of the tooth agenesis on dento-skeletal structures have been investigated by a limited number of authors (6, 8, 10) , although it is one of the most common anomalies in the development of the human dentition. The objectives of this study were, therefore, to investigate the prevalence and characteristics of tooth agenesis and the associated skeletal morphology and arch widths in a group of Turkish patients seeking orthodontic treatment.
.
Material and Methods
A total of 4,891 patients, treated between 1995 and 2008, were reviewed from the files of the Department of Orthodontics Faculty of Dentistry of Ataturk University (Erzurum, Turkey). All files included anamnestic data, panoramic radiographs, and lateral cephalometric films. Patients who were younger than 10 years old were excluded from the study. The files of patients with developmental anomalies such as ectodermal dysplasia, cleft lip or plate, Down's syndrome, or who had undergone previous orthodontic treatment were also excluded from the study. Hence, a total of 3,341 patients´ records of sufficient quality were selected. All files were from Turkish patients ranging from 10 to 25 years old, 2,040 of which were females with an average age of 14.44±2.89 years, and 1,301 of which were males with an average age of 13.94±2.49 years. Tooth agenesis was evaluated for hypodontia and oligodontia, excluding the third molars, from the orthopantomograms. A tooth was registered as congenitally missing when no trace could be found on radiographs and the treatment records confirmed that the tooth had not been extracted. All of the selected patients had final orthopantomograms. This final orthopantomograms was used to determine hypodontia in order to prevent the registration of late mineralized teeth as congenitally missing teeth. After determining 145 patients (84 females and 61 males) with tooth agenesis, an age-and sex-matched non-hypodontia control group (84 females and 61 males) was selected from the remaining patients using a systematic random sampling method. The lateral cephalometric films of hypodontia and non-hypodontia patients were traced and the anterior-posterior skeletal relationship of the maxilla and mandible was classified as skeletal Class I, II, and III using the measurement of the Wits and ANB angle. SN-GoGN, SN-GoMe, and Gonial angles were also measured from the lateral cephalometric films for classification of vertical skeletal relationship as being Hypo-divergent, Normal, and Hyper-divergent. Gazilerli norms were used to determine the skeletal morphology (11) . An age-and sex-matched control group of 60 subjects (40 females and 20 males) was randomly selected from the group of non-hypodontia patients. None of the subjects had crossbites, congenitally missing teeth or previous extractions, or had undergone orthodontic treatment. Subjects with crossbites or impacted or extracted canines and/or first molar teeth were excluded from the hypodontia group. Intercanine (cups tip to cusp tip) and intermolar widths (mesiobuccal cusp tip to mesiobuccal cusp tip) were measured from the dental casts of 145 subjects as the hypodontia group and 60 subjects as the control group to compare the dental arch widths (12) .
Statistical methods
All descriptive and comparative statistical analyses were performed using the SPSS software package (Statistical Package for Social Sciences, version 11.5, SPSS Inc., Chicago, IL, USA). To compare the differences between male and female patients, the Pearson chi-square test was performed. The differences in the skeletal morphology between hypodontia and non-hypodontia patients were evaluated using the Pearson chi-square test. The Kolmogorov-Smirnov test was performed to test for the normality of dental arch widths parameters. Then, dental arch widths parameters were analyzed using the Student t-test for the parameters showing normal distribution (upper 3-3 and lower 3-3) and the Mann-Whitney test for the parameters showing non-normal distribution (upper 6-6 and lower 6-6).
Results
Descriptive analysis of the study groups is shown in (Table 1) . Of the 3,341 cases examined, 154 patients were found to have at least one absent permanent tooth. While nine patients had six or more absent permanent teeth (i.e., oligodontia patients), 145 patients had one to five absent permanent teeth (i.e., hypodontia patients). The prevalence of hypodontia and oligodontia were 4.3 and 0.3 percent, respectively. So the prevalence of tooth agenesis was 4.6 percent in the sample of Turkish orthodontic patients. Tooth agenesis was found more frequently in females than in males. However, this difference was not statistically significant (p>0.05). Distribution of missing teeth according to the jaws, sides, and regions is also shown in ( with tooth agenesis had a total of 329 teeth. It was more commonly seen in the maxilla (60.2%) than in the mandible (39.8%) and in the anterior segment (63.5%) than in the posterior (36.5%). However, missing teeth were almost equally distributed between the right and left sides. According to the type of the missing teeth, maxillary lateral incisors (46.5%) were the most frequent congenitally missing teeth in the Turkish orthodontic patient population, followed by mandibular second premolars (22.5%) and mandibular central incisors (13.4%).
The skeletal morphology for hypodontia and non-hypodontia patients is shown in (Table 3 ). The frequency of hypodontia patients in those Class I, Class II, and Class III malocclusion was 53.4%, 34.2%, and 59.0%, respectively. The Pearson chi-square test was used to determine the differences in the skeletal morphology between hypodontia and non-hypodontia patients, and hypodontia was found to be statistically significantly less in patients with skeletal Class II (p<0.01). There was no statistically significant difference in hypodontia patients in the vertical relationship of the jaws (p>0.05).
The intercanine widths in the hypodontia group were reduced by 3.20 and 1.17 mm in the maxillary and mandibular arches, respectively (p<0.01). Intermolar widths in the maxillary and mandibular arches were statistically significantly reduced in the hypodontia group, compared with control group (p<0.01) ( Table 4 ). Table 4 . Mean dental arch widths of nonhypodontia and hypodontia patients.
Discussion
Calcifications of crowns of the permanent teeth, except the third molars, start at the age three and are generally complete by the age six (13) . In some individuals, there may be delayed development of premolars; hence, no one can be absolutely certain that these teeth are missing below the age of about nine years, especially among males (7). Wisth et al. (12) proved that the prevalence of missing teeth is higher when examined at the age of seven years compared with nine years of age. At seven, 7.1 percent of the children had missing teeth, while two years later, only 6.6 percent of the same sample was diagnosed with hypodontia. For that reason, only patients older than 10 years old were included in the present study sample. In the present study, the prevalence of hypodontia and oligodontia, excluding the third molars, was found to be 4.3% and 0.3%, respectively. So, the total tooth agenesis prevalence was 4.6 percent, with a higher frequency in females. This result is consistent with most of the previous studies (4,9, 14-16). The reported frequency of hypodontia varies among different ethnic groups, ranging from 3.4% to 10.1% (10, 13) . The wide range of frequency rates of hypodontia can be attributed to differences in the methods of sampling and examination and the distribution of age, sex, and racial origin of the subjects. Many studies have demonstrated that there was no consistent finding as to which jaw has more missing teeth (4, 7, 9, 12, (17) (18) (19) . However, Chung et al. (8) found that hypodontia was significantly more in the mandible. Tooth agenesis, in the present study, was more commonly seen in the maxilla, which is consistent with Fekonja (6). Few studies have compared the prevalence rates of tooth agenesis between the anterior and posterior regions (7). Endo et al. (10) found that anterior tooth agenesis was predominant in children with one or two missing teeth.
In agreement with our results, Albashaireh et al. (20) determined that there were no statistically significant differences in the number of missing teeth between the left and right sides of the jaw. The types of teeth reported missing varies in different ethnic groups (8). Polder et al. (21) stated that the maxillary lateral incisors and the mandibular second premolar are the most frequently affected in the Caucasian population, which is in accordance with our results. We found that the maxillary lateral incisors were the most frequent congenitally missing teeth followed by the mandibular second premolars. We also observed a significant number of missing mandibular central incisors. This result was quite different from the previous studies (7, 22, 23) . However, Davis (18) and Niswander et al. (24) reported that the mandibular incisor was the most frequently absent tooth in the Chinese and Japanese populations. Using ANB to evaluate the anteroposterior relationship of the jaws leaves considerable room for inaccuracy. Given the literature (25) showing the weakness of ANB, it seemed that the ANB and Wits measurements should have been used in order to reliably assess the jaw relationship. The skeletal morphology of hypodontia patients includes a tendency towards skeletal Class III pattern (6, 8) . However, the skeletal characteristics of hypodontia, in the present study, showed that patients with skeletal Class II were significantly less affected by hypodontia compared with the control group. Chung et al. (8) found that the vertical relationship for hypodontia patients in the Korean population shows with a similar prevalence in Hyper-divergent, Normal, and Hypo-di-vergent groups. In agreement with the data reported in the Korean population, our results showed no statistically significant difference in hypodontia patients in the vertical relationship of the jaws. Some studies found few differences in dental arch dimensions between patients with tooth agenesis and controls (12, 26) . Nevertheless, Bu et al. (27) suggested that oligodontia patients have greater reductions in their dental arch dimensions than those with hypodontia. Salmon et al. (28) reported decreased arch widths in a large French male group with missing and small maxillary lateral incisors. However, they measured only arch dimensions in the maxilla and evaluated only lateral incisors absence. In the present study, there was a statistically significant reduction in dental arch widths for both jaws in the hypodontia group compared with the control group. The intercanine width in the maxilla was reduced by 3.20 mm, which was the biggest reduction of dental arch widths. This might be the due to the early loss of the deciduous lateral incisor in the maxilla. Similarly, because of the retention of the deciduous second molar in the mandible, when the permanent second premolar was absent, the intermolar width in the mandible was reduced by 0.96 mm, which was the smallest reduction of dental arch widths.
Conclusion
The prevalence of tooth agenesis was found to be 4.6 percent for the Turkish orthodontic patient population (hypodontia 4.3% and oligodontia 0.3%). Tooth agenesis was more frequently found in females than in males and in the maxilla than in the mandible. The most frequently missing teeth were the maxillary lateral incisors, followed by the mandibular second premolars and the mandibular central incisors. The majority of patients had one or two teeth missing, but seldom three or more. Hypodontia was significantly less in patients with skeletal Class II (p<0.01). There was no statistically significant difference in hypodontia patients in the vertical relationship of the jaws (p>0.05). Intercanine and intermolar widths were significantly reduced in the hypodontia group for both jaws compared with control group (p<0.01).
